Background: To investigate whether poor glycemic control status has a negative impact on survival outcomes and tumor response to chemotherapy in patients receiving neoadjuvant chemotherapy (NACT) for locally advanced cervical cancer (LACC).
Background
The Global Cancer Report in 2014 indicates that approximately half of all new cancer cases occur in Asia, mostly in China, and that China's new cancer cases ranked at the top of the list [1] . In fact, the incidence of cancer has been increasing for decades, and cancer is the leading cause of death in China [2] . Tremendous changes in the lifestyle and environment associated with economic development are important contributors to the increased cancer incidence [3] . In addition, these changes have resulted in a sharp increase in the prevalence of diabetes. China has been the country with the largest burden of diabetes worldwide since 2014 [4] . As a common comorbid medical condition, diabetes mellitus (DM) affects 8-18% of all cancer patients [5] . Previously published data suggest that diabetic patients have worse oncologic outcomes than non-diabetics do [6] [7] [8] [9] [10] [11] [12] [13] . Therefore, appropriate diabetic control may have a potential influence for cancer patients.
Cervical cancer is the most common gynecologic malignancy in China [14] . Due to the absence of screening programs, most new cases in China are diagnosed at advanced stages [3] . For cervical cancer patients with locally advanced disease (International Federation of Gynecology and Obstetrics [FIGO] stage IB2 and IIA2), neoadjuvant chemotherapy (NACT) plus radical hysterectomy has been advanced as an effective treatment [15] . A meta-analysis that included 21 randomized trials reported that compared with patients receiving radiotherapy alone patients treated by NACT followed by surgery gain greater survival benefit [16] . Moreover, NACT offers several potential benefits, including eliminating micrometastatic dissemination of the disease and reducing the positivity of lymph nodes, thereby minimizing the need for adjuvant radiotherapy [17] [18] [19] . Additionally, for patients with locally advanced cervical cancer (LACC), a complete response (CR) after NACT is independently associated with an improved prognosis [16] . Due to the significant prognostic value, tumor response to NACT has been suggested as a surrogate end-point, which can accurately predict long-term survival outcomes for LACC patients [20] .
There are reports that cancer patients with hyperglycemia have a poor response to chemotherapy [6, [21] [22] [23] . Moreover, for diabetic cancer patients, poor glycemic control has been observed to negatively influence patient prognosis [7-9, 11, 24] . Among LACC patients, our previous study revealed that hyperglycemia before NACT is an independent predictor of increased risk of relapse and mortality [6] . Despite the evidence, two important questions remain unanswered. Dose adequate blood glucose management offer a survival benefit for LACC patients? Dose glycemic control status impact the response to chemotherapy for LACC patients receiving NACT? Accordingly, we conducted this study to explore whether the glycemic control status influenced oncologic outcomes among LACC patients who underwent NACT and radical hysterectomy.
Methods

Settings and study population
After Institutional Review Board approval was obtained from both institutions, a search of clinical databases at Sun Yat-sen Memorial Hospital and the People's Hospital of Shaolin District was performed. All patients with FIGO stage IB2 and IIA2 cervical cancer (histologically confirmed squamous cell carcinoma, adenocarcinoma and adenosquamous carcinoma) who underwent NACT and type III radical hysterectomy from January 1, 2002 to June 30, 2011 were retrospectively reviewed. Pretreatment informed consent was required for all included patients. Patients younger than 16 years as well as patients who had undergone treatment at other hospitals or who had been treated with chemotherapy or radiation therapy for other malignancies or who did not complete the planned cycles of NACT were excluded from the present analysis.
Two to three cycles of NACT were prescribed. Patients underwent type III radical hysterectomy and pelvic lymphadenectomy within 4 weeks after the administration of the last cycle of NACT. CR was defied as no evidence of viable tumor cells in the tumorous area [25] . Post-surgical adjuvant radiotherapy was prescribed according to Sedlis criteria [15] . DM was defined according to the American Diabetes Association diagnostic criteria or a patient-reported history of diabetes [26] . For comparison, patients were classified into three groups: group I (patients without DM), group II (diabetic patients with good glycemic control, hemoglobin A 1c [HbA 1c ] levels prior to NACT <7.0%) and group III (diabetic patients with poor glycemic control, HbA 1c levels prior to NACT ≥7.0%) [10, 27] . If there were multiple HbA 1c measurements within 6 months before NACT, the mean value was selected for analysis.
The follow-up was scheduled every 3 months for the first 2 years, then every 6 months for the next 3 years, and every year thereafter. Follow-up visits included complete history, physical examination and Papanicolau smear of the vaginal vault. Follow-up information was obtained from office visits or telephone interviews (Additional file 1: Figure S1 . Guide for follow-up and telephone interview). When recurrence was suspected based on clinical findings, imaging studies or biopsies of the suspicious lesions were performed on a case by-case basis.
Statistical analysis
The primary objective of this study was to determine the association between glycemic control status and recurrence- free survival (RFS). The secondary objective was to investigate the impact of glycemic control on cancer-specific survival (CSS), overall survival (OS) and the rate of CR. RFS, CSS and OS were calculated from the date of NACT until the date of events (recurrence OR death from cervical cancer OR death from any cause) or the date of last follow-up. The Kaplan-Meier method was used to estimate the RFS, CSS and OS curves. The log-rank test was used to test for differences between curve estimates. For multiple comparisons of survival curves among the three groups, the Bonferroni adjustment was applied. Cox proportional hazards model using with enter method was used to determine independent prognostic factors. Hazard ratios (HRs) and 95% confidence intervals (CIs) were estimated. The proportional hazards assumption of each variable was verified by Schoenfeld residual plots and no departures from proportionality were observed. Multivariate logistic regression with enter method was used to identify independent variables predicting CR following NACT. Correlations between CR and assessed variables were expressed as odds ratios (ORs) with 95% CI. Variables reaching statistical significance at the P < 0.15 level in the univariate analysis were entered into the multivariate model. All statistical tests were two-sided, and a two-tailed P value <0.05 was considered statistically significant. Statistical analyses were performed using software (STATA 10.0, special edition; StataCorp, College Station, TX, USA).
Results
Patient characteristics
A total of 388 patients met study criteria. Table 1 summarizes the patient demographics. The median patient age was 52 years (range: 24-80), and the median body mass index (BMI) was 23.2 kg/m 2 (range: 19.4-30.1). Eighty-nine (22.9%) patients had DM. Of these diabetic patients, only 35 (39.3%) had good glycemic control. Group II had three patients with type I DM (8.6%), while group III had six patients with type I DM (11.1%) (P = 0.698). At baseline, compared with group I, group II and group III had more patients with higher levels of serum creatinine, lymph node metastasis, parametrial involvement, positive surgical margins, lymphatic vascular space invasion (LVSI), deep stromal invasion, hypertension and cardiovascular diseases. In contrast, group II and group III had fewer patients achieving CR following NACT. Among patients with DM, the median HbA 1c level was 7.2% (range: 5.1-12.3%). The median HbA 1c level for patients in group II was 6.4% (range: 5.1-6.9%) compared with 8.3% (7.0-12.3%) for patients in group III (P = 0.0001). In addition, compared with patients in group II, group III had more patients with a higher level of BMI and serum creatinine, nonsquamous cell carcinoma, FIGO IIA2 disease, poor differentiated tumor, parametrial involvement, positive surgical margin, LVIS, deep stromal invasion, cardiovascular diseases and history of using metformin use. More patients in group II achieved CR after NACT compared with group III.
Survival outcomes
After a median follow-up time of 39 months (range: 4-67 months), recurrence was observed in 72 patients, including 35 (11.7%) patients in group I, 10 (28.6%) patients in group II and 27 (50%) patients in group III. The differences in recurrence rate between the three groups were significant (P < 0.0001). The median time to tumor recurrence was 18 months (range: 6-45 months). RFS at 5 years was 87.3%, 67.9% and 45.2% for patients in group I, group II and group III, respectively. Fig. 1a shows the Kaplan-Meier curves for RFS by diabetic status. Differences between the three survival curves were significant (log-rank test: χ 2 = 62.21, P < 0.0001). A post hoc Bonferroni analysis revealed that the differences in RFS between group I and group II (log-rank test: χ 2 = 7.44, P = 0.006), group I and group III (log-rank test: χ 2 = 58.76, P < 0.0001), and group II and group III (log-rank test: χ 2 = 5.85, P = 0.016) were statistically significant. The cumulative CSS at 5 years was 83.5%, 61.5% and 30.3% for patients in group I, group II and group III, respectively. Fig. 1b displays Kaplan-Meier curves for CSS and significant differences were noted between the curves (log-rank test: χ 2 = 69.18, P < 0.0001). A post hoc Bonferroni analysis showed that the differences in RFS between group I and group II (log-rank test: χ 2 = 7.56, P = 0.006), group I and group III (log-rank test: χ 2 = 67.82, P < 0.0001), and group II and group III (log-rank test: χ 2 = 6.28, P = 0.012) were statistically significant. The estimated 5- Fig. 1c , and significant differences were noted between the curves (log-rank test: χ 2 = 92.63, P < 0.0001). In the post hoc Bonferroni analysis, differences in OS between group I and group II (log-rank test: χ 2 = 16.43, P < 0.0001), group I and group III (log-rank test: χ 2 = 91.40, P < 0.0001), and group II and group III (log-rank test: χ 2 = 6.11, P = 0.013) were significant.
The results of Cox regression analyses are detailed in Table 2 and Table 3 . HbA 1c ≥ 7.0% prior to NACT was identified as an independent predictor of RFS (HR = 3.33, 95% CI 1.89-5.88, P < 0.0001), CSS (HR = 3.60, 95% CI 1.96-6.61, P < 0.0001) and OS (HR = 4.35, 95% CI 2.64-7.17, P < 0.0001).
To investigate the survival impact of glycemic control for diabetic patients, we excluded patients without DM and performed a further subgroup analyses. The results of Cox proportional hazard analyses are summarized in Table 4 and Table 5 . When the level of HbA 1c was treated as a dichotomous variable, HbA 1c ≥ 7.0% prior to NACT exhibited an independent negative effect on RFS (HR = 2.18, 95% CI 1.02-4.63, P = 0.044) and OS (HR = 2.29, 95% CI 1.20-4.35, P = 0.012). When the HbA 1c level was examined as a continuous variable (Additional file 2: Table S1), it was independently associated with RFS (HR = 1.39, 95% CI 1.13-1.71, P = 0.002), CSS (HR = 1.28, 95% CI 1.04-1.59, P = 0.021) and OS (HR = 1.27, 95% CI 1.08-1.50, P = 0.004).
Factors predicting CR after NACT
CR following NACT has been validated as an accurate surrogate endpoint of survival for LACC patients. Given its significance, a further logistic regression analysis was conducted to identify variables that could predict CR after NACT. Table 6 presents the results. Both good glycemic control (OR = 0.06, 95% CI 0.02-0.17, P < 0.0001) and poor glycemic control (OR = 0.04, 95% CI 0.02-0.11, P < 0.0001) were identified as independent predictors of decreasing incidence of CR after NACT.
Discussion
The prevalence of DM is 9.7% in mainland China, which translates into 92.4 million adults with diabetes [28] . Of patients included in the present study, 89 (22.9%) had DM, and only 35 (39.3%) diabetic patients had good glycemic control. Our results were consistent with previous reports [5] . Considering the negative impact of DM on the prognosis for cancer patients, we conducted this study. We found that poor glycemic control (HbA 1c ≥ 7.0%) was independently associated with an increased risk of tumor recurrence and death in LACC patients who received NACT. In addition, DM patients, Fig. 1 Kaplan-Meier survival curves for survival of cervical cancer patients treated with neoadjuvant chemotherapy and radical hysterectomy for locally advanced disease. a. Recurrence-free survival. b. Cancer-specific survival. c. Overall survival. Patients were stratified by levels of hemoglobin A 1c (HbA 1c ). The P values were determined by the log-rank test. Group I, patients without diabetes mellitus; group II, patients with well-controlled DM (preoperative HbA 1c < 7.0%); group III, patients with poorly controlled DM (preoperative HbA 1c ≥ 7.0%) regardless of the glycemic control status, were less likely to achieve CR after NACT than were non-diabetics.
Previous studies assessed the influence of glycemic control status on survival outcomes in cancer patients. In diabetic patients receiving curative resection for hepatitis C virus-related hepatocellular carcinoma, poor glycemic control was an independent predictor of relapse following surgery [8] . In patients with colorectal cancer, poorly controlled DM independently predicted more advanced disease and poor 5-year survival [11] . For patients with early-stage breast cancer, mortality was significantly increased in women with HbA 1C ≥ 7.0% compared with women with HbA 1C less than 6.5% [10] . For patients with urinary system tumors, poor glycemic control was observed as a prognostic factor of poor prognosis [7, 9, 12, 24] . For cervical cancer patients, previously published data have suggested a deleterious effect of hyperglycemia on patient survival. However, no study to date has evaluated the survival impact of glycemic control status among cervical cancer patients.
The potential influence of glycemic control on cancer prognosis is complex. Because glucose uptake in cancer cells is significantly enhanced, patients with poorly controlled DM exhibit increased tumor cell proliferation [29, 30] . Second, as a result of poor glycemic control, hyperglycemia can induce elevated levels of insulin and insulin-like growth and inflammatory factors, which can directly augment tumor progression [10, 31, 32] . Third, poor glycemic control enhances the production of advanced glycosylated end products. Consequently, lipid peroxidation and the production of genotoxic aldehyde can be induced, which result in DNA damage [11] . Fourth, cancer patients with DM frequently have comorbid conditions, which often lead clinicians to follow less aggressive cancer treatments [33, 34] . Additionally, diabetic women underuse cervical cancer screening as compared with non-diabetic women, which may lead to tumor detection at a later stage on diagnosis [35] .
For patients with LACC, the prognostic value of CR following NACT has been validated by previous studies. A meta-analysis by Ye et al. including data from 18 studies reported that response to NACT is an indicator of significantly improved prognosis [16] . Alessandro et al. conducted a retrospective cohort study, which is one of the largest samples of LACC patients with robust follow-up data (median follow-up time: 12.7 years) [20] . They assessed the long-term significance of tumor response to NACT, and reported that CR following NACT could be used as a reliable surrogate end-point, which accurately predicts significantly improved prognosis for LACC patients undergoing NACT. The clinical significance of CR following NACT was also confirmed by our study. Moreover, compared with patients without DM, both DM patients with good glycemic control and DM patients with poor glycemic control were less likely to achieve CR. Our findings were in agreement with previous reports, where a poor response to chemotherapy was more frequently observed in patients with hyperglycemia [6, [21] [22] [23] .
The present study has several limitations. The most important limitation derives from its retrospective design which may have missed confounding factors. For instance, some demographic and lifestyle variables such as patient income and alcohol habits were not included. In addition, our study did not answer whether the duration of DM and the glycemic control status could impact patient survival. Second, a central pathology review for surgical specimens was not performed. Third, data on HbA 1c levels in patients without DM were unavailable. Therefore, some patients in group I might have been true diabetic patients, which could induce selection bias. Fourth, although we assessed the influence of metformin, the effects of other anti-diabetic drugs were not analyzed. However, to the best of our knowledge, the present work is the first to show the impact of glycemic control as represented by HbA 1c levels on cancer treatment outcomes in LACC patients receiving NACT and radical hysterectomy. Moreover, our large sample size allowed us to provide reliable evidence to inform clinical practice.
Conclusions
In summary, our findings suggest that poor glycemic control prior to NACT, as indicated by elevated HbA 1C levels, is independently associated with an increased risk of tumor recurrence and mortality for LACC patient. We also present evidence that poorly controlled DM is an independent predictor of poor response to NACT. Given these results, we believe that the proper management of diabetes may present an opportunity for improving survival outcomes for LACC patients. Our findings should be confirmed prospectively. Future randomized trials are also warranted to investigate whether targeting glycemic control offers oncological benefits for diabetic LACC patients.
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